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(57) In the present invention, in a water soluble resin 
composition for use in a method for pattern formation in 
wliich a covering layer is provided on a resist pattern 
formed of a radiation-sensitive resin composition capable 
of coping with ArF exposure to increase the width of the 
resist pattern and thus to realize effective fomnation of 
higher density trench or hole pattern, the size reduction 
level of the resist pattern layer can be further increased 
as compared with that in the prior art technique, and, in 
addition, the size reduction level dependency of the 
coarse-and-fine resist pattern can be reduced. A method 
for pattern formation using the water soluble resin com- 
position is also provided. The water soluble resin com- 
position which is usable for the method for pattem for- 
mation applicable to ArF excimer laser irradiation com- 
prises a water soluble resin, an acid generating agent 
capable of generating an acid upon heating, a surfactant, 
a crosslinking agent, and a water-containing solvent. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a method for resist pattern fonmation in which, in the formation of a resist 
pattern in a semiconductor or the like manufacturing process or the lil<e, a covering layer is formed using a water soluble 
resin composition on a resist pattern and the covering layer In its part located near the resist pattern is crosslinked to 
10 form a modified covering layer which is insoluble in a developing solution on the surface of the resist pattern and covers 
the resist pattern, thereby effectively reducing the isolation size or hole opening size of the resist pattern to those below 
the limiting resolution. The present invention also relates to a water soluble resin composition suitable for covering layer 
fonnation. 

IS Background Art 

[0002] In extensive fields including the manufacture of semiconductors such as LSIs, the preparation of flat panel 
displays (FPDs) such as liquid crystal display (LCD) panels, and the manufacture of circuit boards for thermal heads 
and the like, photolithography has hitherto been used for the formation of fine elements or mterofabrication. In the 

20 photolithography, a positive- or negative-working radiation-sensitive resin composition (photoresist) is used for resist 
pattern fonnation. The positive- or negative-working photoresist is coated onto a substrate, and mask alignment is 
conducted, followed by exposure and development to forni a resist pattern. The resist pattern thus formed is utilized, 
for example, as an etching resist and a resist for impurity ion implantation in the manufacture of semiconductor devtees, 
FPDs, and circuit boards, and as a plating resist or the like In the manufacture of magnetic heads or the like. 

25 [0003] In recent years, increased integration density in semiconductor devices orthe like has led to an ever-increasing 
demand for a reduction in wiring or element isolation width required of the manufacturing process. To cope with this 
demand, various attempts have been made, for example, to increase the fineness of the resist pattern using shorter- 
wavelength light, to fomi a finer resist pattern using a phase shift reticle orthe like, and to develop a novel resist and a 
novel process that can meet the demand. In the conventional photolithography utilizing exposure, however, difficulties 

30 are encountered in the formation of a resist pattern which is finer than a limit detemnined by the wavelength of light for 
exposure. On the other hand, apparatuses for exposure of short wavelength light and apparatuses using a phase shift 
reticle or the like are disadvantageously expensive. To solve the above problems, a method for pattern fonnation has 
been proposed which comprises the steps of: 

35 (1 ) providing a conventional positive- or negative-working photoresist and forming a pattern by a conventional method 

for pattern fonnation, 

(2) providing an acid-crosslinkable covering layer on the fonned resist pattern. 

(3) heating the covered resist pattem to diffuse an acid from the resist pattern to crosslink the covering layer in its 
part located near the resist pattem to form a modified covering layer insoluble in a developing solution on the surface 

40 of the resist pattern, and 

(4) conducting development to remove the covering layer in its part remaining uncured 

to cover the surface of the resist pattern with the covering layer having a given thickness, whereby the resist pattem 
width or the opening size in a line-and-space [US) pattern is reduced to effectively form a resist pattern which is 
finer than a resolution limit determined by the wavelength of light for exposure (see, for example, Japanese Patent 
45 Laid-open Nos. 241348/1993, 250379/1994, 73927/1998, and 19860/2001). This method has drawn attention as 

an effective method, because the size of the space part in the resist pattern can be effectively reduced without large 
investment of equipment such as an exposure system for short wavelengths. 

[0004] The present inventors have made an application (Japanese Patent Application No. 45599/2003) directed to a 
so water soluble resin composition, a method for resist pattern fonnation using the same, and a method for testing a resist 
pattern. This water soluble resin composition comprises poly(vinyl pyrrolidone-co-vinyl acetate) or poly(vinyl pyrrolidone- 
co-vinylimidazole) as a water soluble resin, p-toluenesulfonic acid triethylamine salt as an acid generating agent, and 
acetylenic alcohol as a surfactant. A covering layer having a satisfactory thickness can be fonned with a high dimension 
accuracy on a highly water repellent resist pattem fonned of, for example, a radiation-sensitive resin composition capable 
55 of coping with an ArF exposure, whereby the resist pattern can be thickened to effectively reduce the pattern size to 
such a level that renders the resist pattern finer than the limiting resolution and, at the same time, a change in measured 
value upon electron beam inadiation in measuring SEM can be prevented. 

[0005] The above conventional method in which a resist pattern is covered with a covering layer to reduce the width 
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between resist patterns in an US pattern or reduce the opening size of contact patterns and thus to effectively form a 
resist pattern which is finer than the limiting resolution detennined by wavelength of light for exposure has mainly be 
intended for a resist pattern fonned of a KrF resist (a radiation-sensitive resin composition capable of coping with KrF) 
and has been effective for the KrF resist. On the other hand, an ArF excimer laser exposure process has recently been 

5 proposed for finer resist pattern formation, and this has led to a proposal of an ArF resist (a radiation-sensitive resin 
composition capable of coping with ArF exposure). Transparency to a 248 nm light source has been required of the 
conventional KrF resist. On the other hand, the ArF resist should be transparent to a 1 93 nm light source. This inevitably 
leads to predominant use of a polymer having a structure comprising a protective group introduced into an acrylic or 
methacrylic resin or the like. For example, a protective group having an alicyclic structure has been proposed as the 

10 protective group. Due to the nature of the structure, the hydrophobicity of the polymer per se Is higher than that of the 
KrF resist. On the other hand, the composition for a covering layer is in many cases a composition composed mainly of 
a water soluble resin and water from the viewpoint of preventing dissolution of the resist film as the first layer. For this 
reason, in many cases, the conventional watersoluble resin composition for a covering layer has no satisfactory coatability 
on a highly water repellent resist pattern such as the above ArF resist. This has sometimes made impossible to fonn a 

15 good covering layer or modified covering layer. Further, in some cases, the level of fineness of the resist pattern layer 
has been unsatisfactory, probably because the diffusion of an acid from the resist pattern is unsatisfactory. Furthennore, 
in the prior art technique, an increase in complexity of the resist pattern has raised a problem of a difference in size 
reduction level in a coarse-and-fine pattern of the resist pattem. In Japanese Patent Application No. 45599/2003, it was 
found that the effective size of a resist pattem formed of a radiation-sensitive resin composition capable of coping with 

20 ArF can be reduced to a value beyond the liming resolution. However, there is a demand for an improvement in pattem 
size reduction effect, that is, the formation of a thici(er modified covering layer. 

SUMMARY OF THE INVENTION 

25 [0006] The present invention has been made with a view to solving the above problems of the prior art, and an object 
of the present invention Is to provide a watersoluble resin composition that can be applied onto a relatively highly water 
repellent ArF resist pattern fomried by a conventional method to forni a covering layer which Is then heated for crosslink 
the covering layer in Its part located near the resist pattem to fomi a modified covering layer insoluble in a developing 
solution on the surface of the resist pattem and thus to cover the resist pattern with the modified covering layer having 

30 a given thickness, that is, to render the resist pattern thick, whereby the isolation size or hole opening size of the resist 
pattern can be effectively reduced to such a level that renders the resist pattem finer than the limiting resolution with 
good dimension controllability, and to provide a method for pattem formation using the same. 
[0007] According to one aspect of the present invention, there is provided a water soluble resin composition for use 
in a semiconductor manufacturing process, said semiconductor manufacturing process comprising the steps of: fomning 

35 a covering layer on a resist pattem formed of a radiation-sensitive resin composition which can cope with ArF exposure; 
and heating the covered resist pattem to convert the covering layer in its part located near the resist pattern to a modified 
covering layer and thus to cover the resist pattem with the modified covering layer, whereby the effective size of the 
resist pattern after etching can be reduced, said watersoluble resin composition comprising a water soluble resin, an 
acid generating agent capable of generating an acid upon heating, a crosslinking agent, and a water-containing solvent. 

40 [0008] Accordingtoanotheraspect of the present invention.thereisprovidedamethodforpatternformation, comprising 
the steps of: coating the above water soluble resin composition onto a resist pattem formed of a radiation-sensitive resin 
composition capable of coping with ArF exposure to fonn a covering layer; heating the covering layer to crosslink the 
covering layer in its part with a predetermined thickness located near the resist pattern to fonn a modified covering layer 
insoluble in a developing solution; and developing the modified covering layer to fonn a pattem in which the surface of 

<5 the resist pattem has been covered with the modified covering layer. 

[0009] In the method for pattem formation according to the present invention, a trench pattern or a hole pattern can 
be effectively made finer by covering a fonned resist pattern with a modified covering layer having a given thickness. 
When the composition according to the present invention is used, as compared with the conventional composition, the 
thickness of the modified covering layer can be significantly increased and, at the same time, a change In thickness of 

50 the modified covering layer caused by varying the form of the resist pattern, that is, a change in pattern size reduction 
level, can be reduced. The above effect can realize the production of a semiconductor integrated circuit or the like having 
an increasing tendency toward increased fineness and complexity at a high yield. Further, the water soluble resin 
composition according to the present invention advantageously has excellent coatability on the surface of a highly water 
repellent resist. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] 
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Figs. 1 A to 1 E are conceptual diagrams illustrating the method for pattern fomiation according to the present 
invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[001 1 ] The water soluble resin composition according to the present invention and the method for pattern fomiation 
using the water soluble resin will be described in more detail. 

[0012] The water soluble resin composition according to the present invention will be first described. The water soluble 
resin composition according to the present invention comprises at least a water soluble resin, an acid generating agent 
capable of generating an acid upon heating, a crosslinl(ing agent, and a water-containing solvent. The water soluble 
resin usable as a raw material of the water soluble resin composition according to the present invention may be any 
polymer which Is publicly Icnown and used in the art so far as the solubility of the polymer in water is not less than 0.1% 
by weight. Specific examples of water soluble resins include homopolymers of hydrophilrc group-containing vinyl mon- 
omers and hydrophilic group-containing polycondensates. Examples of such resins include polyvinyl alcohols (including 
partial saponification products), polyacrylic acids, polymethacrylic acids, poly(2-hydroxy acrylate), poly{2-hydroxyethyl 
methacrylate), poly(4-hydroxybutyl acrylate), poly(4-hydroxybutyl methacrylate), poly(glycosyloxyethyl meth acrylate), 
polyvinyl methyl ethers, polyvinyl pyaolidones, polyethylene glycols, polyvinyl acetals (including partial acetalization 
products), polyethyleneimines, polyethylene oxides, styrene-maleic anhydride copolymers, polyvlnylamines, polyal- 
lylamines, oxazoline group-containing water soluble resins, water soluble melamine resins, water soluble urea resins, 
alkyd resins, sulfonamides, or salts of these resins. They may be used either alone or in a combination of two or more. 
Among these resins, compolymers represented by fonnula (I) are particulariy preferred. The polymer may be either a 
random polymer or a block polymer. However, the random polymer is particularly preferred. 




wherein R^ and R^ each independently represents a hydrogen atom or a methyl group; BP represents -OH, -COOH, 
-OCORd, where R^' represents an alley! group, or 




and a and b each independently are 10 to 100,000. 

[0013] Any molecular weight of the water soluble resin may be selected so far as the effect of the present invention 
is not sacrificed. From the viewpoint of satisfactory coatability for providing a homogeneous coating film and temporal 
stability of the coating film, however, the molecular weight Is preferably not less than 1000, more preferably not less 

than 3000. The molecular weight is preferably not more than 1 ,000,000, more preferably not more than 200,000, from 
the viewpoints of preventing cobwebbing at the time of coating, l<eeping good filter pemneability, and fomriing an even 
coating film using a small dropping amount. 

[0014] The acid generating agent according to the present invention is not particulariy limited so far as it generates 
an add upon heating and is soluble in water. However, an organic acid amine salt which generates an acid upon heating 
at 70 to 200^0 is particularly suitable. In particular, an acid generating agent having a structure of a combination of an 
acid with a base represented by the following general formula is preferred. 
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R"— S— O' R -N'^-R- 
^ O R 

wherein 

10 RO represents -CnH2n+i.m'^rn where n is 1 to 20 and m is 0 to 2n + 1 , 



15 



20 





25 



30 




or 




35 



40 



Where R* is -(CH2)xCH3, -OH, or -COOH in which x is 0 to 20; and 

R^ R2, r3, and R^ each independently represent -H, CpH2p+i, or -CpHgpOH where p is 1 to 10. 

[001 5] Specific examples of acids usable herein include all<ylsulfonic acids, f lucrinated alkylsulfonic acids, or sulfonic 
acids having a benzene, naphthalene, or anthracene aromatic skeleton. Specific examples of preferred amines include 
alkylamines and alkanolamines. More specific examples of acids include p-toluenesulfonic acid, perf luorobutanesulfonic 
acid, perf luorooclanesulfonic acid, (±)camphor-1 0-sulfonic acid, and dodecylbenzenesulfonic add. Triethylamine, tripro- 
pylamine, and dimethylaminoethanol are suitable as the amine. These acid generating agents may be used either solely 
or as a mixture of two or more. 

[001 6] In the present invention, the crosslinking agent is not particularly limited so far as it is soluble in water. Preferred 
are alkylated urea watersoluble crosslinking agents, oxazoline group-containing polymers, and polyamines. The following 
alkylated urea water soluble crosslinking agents are particularly pretended. 



45 



50 



0 0 
H3COH2C^„^^,^CH20CH3 HjCOHjC^ A^^CH20CH3 



H3C0 



OCH, 
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[0017] These crosslinking agents may be used either solely or as a mixture of two or more. 
[0018] The water soluble resin composition according to the present invention may further comprise a surfactant. 
Surfactants include acetylenic alcohols, acetylenic glycols, polyethoxylates of acetylenic alcohols, and polyethoxylates 
of acetylenic glycols. Acetylenic alcohols and acetylenic glycols include, for example, 3-methyl-1 -butyn-3-ol, 3-methyl- 
1-pentyn-3-ol, 3,6-dimethyl-4-octyn-3,6-diol, 2,4,7,9-tetramethyl-5-decyn-4,7-diol, 3,5-dimethyl-1 -hexyn-3-ol, 2,5-dime- 
thyl-3-hexyn-2,5-diol, and 2,5-dimethyl-2,5-hexanediol. These surfactants may be used either solely or as a mixture of 
two or more. The amount of the surfactant used is preferably 50 to 2000 ppm, more preferably 1 00 to 1 000 ppm, based 
on the water soluble resin composition according to the present invention. 

[0019] The water soluble resin composition according to the present invention comprises a water-containing solvent 
as a solvent This solvent may be water. When water is used as the solvent, preferably, organic impurities and metal 
ions have been removed from water by distillation, ion exchange treatment, f iltertreatment, various adsorption treatments 
or the like. 

[0020] Water soluble organic solvents may be used together with water. The use of such organic solvents can improve 
coating properties and the like. The water soluble organic solvent is not particularly limited so far as the solubility thereof 
in water is not less than 0.1% by weight. Such water soluble organic solvents include, for example, alcohols such as 
methyl alcohol, ethyl alcohol, and Isopropyl alcohol, ketones such as acetone, methyl ethyl ketone, and 2-heptanone 
cyclohexanone, esters such as methyl acetate and ethyl acetate, ethylene glycol monoalkyi ethers such as ethylene 
glycol monomethyl ether and ethylene glycol monoethyl ether, ethylene glycol monoalkyi ether acetates such as ethylene 
glycol monomethyl ether acetate and ethylene glycol monoethyl ether acetate, propylene glycol monoalkyi ethers such 
as propylene glycol monomethyl ether and propylene glycol monoethyl ether, propylene glycol monoalkyi ether acetates 
such as propylene glycol monomethyl ether acetate and propylene glycol monoethyl ether acetate, lactates such as 
methyl lactate and ethyl lactate, aromatic hydrocarbons such as toluene and xylene, amides such as N,N-dimethyla- 
cetamide and N-methyl pyrrolidone, and lactones such as y- butyrolactone. Preferred are lower alcohols such as methyl 
alcohol, ethyl alcohol, and isopropyl alcoho!. These solvents may be used either solely or as a mixture of two or more. 
[0021] The method for pattern formation according to the present invention will be described with reference to the 
accompanying drawings by taking the formation of a resist pattern using an.ArF resist as an example. 
[0022] Figs. 1 A to 1 E are conceptual diagrams illustrating the method for fomiing a modified covering layer insoluble 
in a developing solution using the water soluble resin composition according to the present invention on the surface of 
an ArF resist pattern. Each diagram is a typical cross-sectional view in which numeral 1 designates a substrate, numeral 
2 a photoresist layer, numeral 3 a resist pattern, numeral 4 a covering layer, and numeral 5 a modified covering layer. 
[0023] As shown in Fig. 1 A, an ArF resist (for example, a positive-working chemical amplification resist) is first coated 
onto a substrate 1 to be treated such as a semiconductor substrate to form a photoresist layer 2. The photoresist layer 
2 is then exposed through a photomask (not shown) with an exposure system equipped with an ArF exclmer laser beam 
source, followed by development to form a positive resist pattern 3 (Fig. 1 B). As shown in Fig. 1C, the water soluble 
resin composition according to the present invention is then coated so as to cover the resist pattem 3 to form a covering 
layer 4. Thereafter, the resist pattern 3 and the covering layer 4 are heated. Since the water soluble resin composition 
according to the present invention contains an acid generating agent capable of generating an acid upon heating, the 
acid generated from the acid generating agent upon heating induces crosslinking of the covering layer. In this case, the 
degree of crosslinking of the covering layer 4 in its part located near the resist pattern 3 Is higher than that in the other 
part, whereby a modified covering layers insoluble in a developing solution which will be described later is formed. On 
the other hand, in the other part of the covering layer 4, the crosslinking or curing reaction does not proceed to a large 
extent, and, consequently, the covering layer in its part other than the modified covering layer can remain soluble in the 
developing solution (Fig. 1 D). The reason why the degree of crosslinking in the covering layer in its part located near 
the resist pattem 3 is higher than that In the other part of the covering layer has not been elucidated yet. However, while 
there is no intention of being bound by any particular theory, a part of the reason for this is believed to be such that, 
upon heating, Intemrilxing occurs between the surface part of the resist pattern 3 and the covering layer 4 in its part 
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located near the resist pattern. The covering layer 4 in which the modified covering layer 5 insoluble in the developing 
solution has been formed is developed to form a pattern in which a modified covering layer 5 is provided on the surface 
of the resist pattern 3 (Rg. 1 E). 

[0024] As described above, the fonnation of the modified covering layer 5 on the surface (upper surface and side 
5 surface) of the resist pattern 3 reduces the width of the resist pattern and can effectively reduce the spacing size or the 
hole opening size of the resist pattern to those below the limiting resolution. 

[0025] The radiation-sensitive resin composition usable in the formation of the resist pattern 3 may be any radiation- 
sensitive resin composition which Is publicly known and used in the art. Radiation -sensitive resin compositions include, 
for example, positive-working resists containing alkali soluble resins, such as novolak resins, hydroxystyrene resins, or 

10 acrylic resins, and quinonediazide compounds, and chemical amplification positive-working or negative-working resists 
that, upon exposure to light, generate an acid of which the catalytic action is utilized to fomi a resist pattern. Preferred 
are chemical amplification positive-working resists that, upon exposure to light, generate an acid of which the catalytic 
action is utilized to fomn a resist pattern. In the resist pattern fomried from a conventional highly water repellent resist, 
for example, an ArF resist, difficulties are encountered in the formation of a modified covering layer having satisfactory 

15 thickness on a resist pattern by a method in which a water soluble resin covering layer crossllnkable by an acid is fomned 
on a resist pattern and the covering layer is crosslinked through diffusion of the acid from the resist pattern. The com- 
position according to the present Invention advantageously has satisfactory coatabillty on a resist which is relatively 
highiy water repellent as the radiation-sensitive resin composition, for example, an ArF resist. A large number of ArF 
resists have already been proposed and further are commercially available. Any of these publicly known and used ArF 

20 resists may be used. The resist pattern may be fomned using the radiation-sensitive resin composition by any conventional 
method including coating methods, exposure methods, baking methods, development methods, developers, and rinsing 
methods. 

[0026] In the method for pattern fomnatlon according to the present invention, the water soluble resin composition 
according to the present Invention for constituting the covering layer may be coated, for example, by any proper method 

25 which has hitherto been used in coating the radiation-sensitive resin composition, for example, by spin coating, spray 
coating, dip coating, or roller coating. The coated covering layer is optionally prebaked to fomn a covering layer 4. The 
covering layer is heat treated, for example, under conditions of temperature about 70 to 200°C, heating time period 
about 60 to 120 sec. preferably about 50 to 80 sec. The temperature at which intemnixing between the resist pattern 
and the covering layer takes place is prefen^d. The thickness of the covering layer may be properly regulated, for 

30 example, by the heat treatment temperature and time and the radiation-sensitive resin composition and water soluble 
resin composition used. Therefore, these various conditions may be set depending upon the level of the width of resist 
pattern to be widen. The thickness of the covering layer, however, is generally 0.01 to 100 fim. 
[0027] Developers usable for the modified covering layer for leaving the modified covering layer 5 fomned by heating 
while removing the covering layer in its other part include water, mixed solutions composed of water and water soluble 

35 organic solvents, and aqueous solutions of alkalis such as TMAH (tetramethyl ammonium hydroxide). 
[0028] The following Examples further illustrate the present invention but are not intended to limit it. 

Example 1 (Preparation of water soluble resin composition) 

40 [0029] 1 8.7 g of an aqueous water soluble resin solution (30 wt%) containing polyvinyl pyn-olldone-co-polyvinyl imi- 
dazole (molecular weight 75000, copolymer composition vinyl pyn-olidone : vinyl imidazole = 0.76 : 1 ) as a water soluble 
resin was dissolved in 79.2 liters of water at room temperature to prepare asolution. 0.65 g of an aqueous p-toluenesu!f onic 
acid triethylamine salt solution (70 wt%) was added to the solution. Subsequently, 1 .52 g of 1 ,3-dimethoxymethyl-4,5- 
dimethoxyimldazoline (tradename: Nikalac MX-280, manufactured by Sanwa Chemical Co.) as a crosslinklng agent and 

45 0.05 g of polyoxyethylene alkyi ether (tradename: Pionlon D1 420, manufactured by Takemoto Oil & Fat Co., Ltd.) were 
added thereto, and the mixture was adjusted to have the following weight ratio, followed by thorough stirring for dissolution. 
The solution was then filtered through a 0.2-fim filter to prepare a water soluble resin composition A. 



50 



Table 1 

Composition A 



Weight ratio 



55 



Polyvinyl pyrrolidone-co-polyvinyl Imidazole 
p-Toluenesulfonic acid triethylamine salt 
1,3-Dimethoxymethyl-4,5-dimethoxyimidazoline 
Polyoxyethylene alkyI ether 
Water 



5.6 
0.46 
1.52 
0.05 
92.4 
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Example 2 (Preparation of water soluble resin composition) 

[0030] The procedure of Example 1 was repeated, except that the crosslinlcing agent was changed to urea-fo mi alde- 
hyde-methyl alcohol polycondensate (tradename: Nikalac MX-290, manufactured by Sanwa Chemical Co.] and the 
mixing ratio of the ingredients was as follows. The mixture thus obtained was thoroughly stirred for dissolution, and the 
solution was then filtered through a 0.2-Mjn filter to prepare a water soluble resin composition B. 



Table 2 

Composition B Weight ratio 

Polyvinyl pyrrolidone-co-polyvinyl imidazole 7.0 
p-Toluenesutfonic acid triethylamine salt 0.52 
Urea-fomnaldehyde-methyl alcohol polycondensate 1 .52 
Polyoxyethylene alkyi ether 0.05 

Water 92.4 



Example 3 (Preparation of water soluble resin composition) 

[0031] The procedure of Example 1 was repeated, except that the crossllnking agent was changed to N.N'-dimeth- 
oxymethyltetrahydro-2-pyrimidone (tradename: Nikalac N1 951, manufactured by Sanwa Chemical Co.) and the mixing 
ratio of the Ingredients was as follows. The mixture thus obtained was thoroughly stirred for dissolution, and the solution 
was then filtered through a 0.2-M.m filter to prepare a water soluble resin composition C. 



Tables 

Composition C Weight ratio 

Polyvinyl pyn'olidone-co-polyvinyl imidazole 7.0 

p-Toluenesulfonic acid triethylamine salt 0.52 
(N,N'-DimethoxymethyItetrahydro-2-pyrimidone) 1 .52 

Polyoxyethylene alkyI ether 0.05 

Water 92.4 



Example 4 (Preparation of water soluble resin composition) 

[0032] The procedure of Example 1 was repeated, except that the water soluble resin was changed to polyvinyl 
pyrrolidone-co-polyvinyl imidazole (molecular weight 75000, copolymer composition vinyl pyrrolidone : vinyl imidazole 
= 2.24 : 1) and the mixing ratio of the Ingredients was as follows. The mixture thus obtained was thoroughly stin-ed for 
dissolution, and the solution was then filtered through a 0.2-|an filter to prepare a water soluble resin composition D. 



Table4 

Composition D Weight ratio 

Polyvinyl pyrrolidone-co-polyvinyl imidazole 5.60 

p-Toluenesulfonic acid triethylamine salt 0.46 

1 ,3-Dimethoxymethyl-4,5-dimethoxyimidazoline 1 .52 

Polyoxyethylene alkyI ether 0.05 

Water 92.45 



Example 5 (Preparation of water soluble resin composition) 

[0033] The procedure of Example 1 was repeated, except that the water soluble resin was changed to polyvinyl 
pyrrolidone-co-polyvinyl imidazole (molecular weight 240000, copolymer composition vinyl pyn-olidone : vinyl imidazole 
= 0.76 : 1) and the mixing ratio of the ingredients was as follows. The mixture thus obtained was thoroughly stirred for 
dissolution, and the solution was then filtered through a 0.2-|jim filter to prepare a water soluble resin composition E. 
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Table 5 




Composition E 


Weight ratio 


Polyvinyl pyrrolidone-co-polyvlnyl imidazole 


5.6 


p-Toluenesulfonic acid triethylamine salt 


0.46 


1,3-Dimethoxymethyl-4,5-dimethoxyimidazoline 


1.52 


Polyoxyethylene alkyi ether 


0.05 


Water 


92.4 



Comparative Example 1 

[0034] For comparison, a water soluble resin composition F for a covering layer (tradename: AZ Exp. R600, manufac- 
tured by Clariant (Japan) K.K.) was provided. The water soluble resin composition F had the following composition. 
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Table 6 

Composition F 


Weight ratio 




Polyvinyl pyrrolldone-co-polyvinyl imidazole'^ 


7.1 




p-Toluenesulfonic acid triethylamine salt 


0.47 


20 


Polyoxyethylene (4) acetylenic glycol ether*^ 


0.05 




Water 


92.4 



Molecular weight 75000, copolymer composition vinyl 
pyrrolidone : vinyl imidazole = 1 : 0.76 
*2 Acetylenol EL (tradename), manufactured by Kawaken Fine 
Chemicals Co., Ltd. 



Fonnation of contact hole pattern 

30 [00351 An underlying antireflection film AZ ArF-1 C5D (tradename: manufactured by Clariant Corp.) was coated onto 
an 8 in. silcon wafer by a spin coater (MK-8) manufactured by Tokyo Electron Limited. The coated silicon wafer was 
prebaked on a hot plate at 200*C for 60 sec. Thereafter, a positive-working photosensitive resin composition AZ 
AX1050HS (tradename: manufactured by Clariant Corp.) was coated to provide an about 0.022 (tm-thick resist film 
which was then prebaked on a hot plate at 1 1 5''C for 60 sec. An exposure system with an exposure wavelength of ArF 

35 radiation (193 nm) (NSR-S306C ArF Scanner, manufactured by NIKON CORPORATION) was then provided, and 
exposure was carried out using a pattern having various contact holes, followed by post exposure baking (PEB) on a 
hot plate at 1 1 0**C for 60 sec. Thereafter, spray paddle development was carried out with an alkaline developing solution 
(AZ 300 MIF developer (tradename), 2.38 wt% aqueous tetramethyl ammonium hydroxide solution) manufactured by 
Clariant (Japan) K.K. at 23^0 for one min to forni a positive-working resist partem with a hole diameter of 130 nm$ and 

^0 pitch sizes 260 nm and 780 nm. 

Evaluation of hole diameter reduction level 

[0036] The water soluble resins A to F were coated on the hole pattern formed above by a spin coater (MK-8) man- 
^5 ufactured by Tokyo Electron Limited to provide an about 0.30 jjim-thick covering layer, and the patterns were subjected 
to mixing baking on a hot plate at 160''C for 90 sec. Thereafter, development was carried out with pure water at 23*'C 
for one min to separate the uncured layer. Thus, resist patterns were formed in which a modified covering layer was 
provided on the contact hole pattern. For the evaluation of hole diameter reduction level, the hole diameter of the hole 
pattern was measured before and afterthe modified covering layerformation with a high-precision appearance dimension 
50 evaluation apparatus (S-9200) manufactured by Hitachi, Ltd. to detennine the change in the measured hole diameter. 
The results were as shown in Table 7. 



Table 7 



55 





Water soluble resin 


Hole diameter reduction level* 


Rate of change in hole 




composition 


Pitch size 260 nm Pitch size 780 nnn 


1 diameter reduction level 


Ex. 1 


A 


26.9 31.3 


14 
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(continued) 





Water soluble resin 
composition 


Hole diameter reduction level* 
Pitch size 260 nm Pitch size 780 nm 


Rate of change in hole 
diameter reduction level 


Ex.2 


B 


47.3 


60.0 


21 


Ex.3 


C 


32.7 


51.3 


36 


Ex.4 


D 


34.1 


43.6 


22 


Ex.5 


E 


44.3 


44.6 


0.7 


Comp. Ex. 1 


F 


16.6 


23.5 


29 



*: Hole diameter reduction level in the fomriation of positive-working resist pattern with hole diameter of 130 nm<|). 



Criteria of evaluation 

[0037] The hole diameter reduction level and the rate of change in hole diameter reduction level were detemnined 
according to the following equations. 

(Hole diameter reduction level) (nm) = (size before insolubilized 
layer formation) - (size after insolubilized layer formation) 

(Rate of ciiange in hole diameter reduction level) = [(hole 
diameter reduction level In positive-working resist pattern with hole 
diameter of 130 nm<|) and pitch size of 780 nm) - (hole diameter 
reduction level in positive-working resist pattern with hole diameter of 
130 nm(t> and pitch size of 260 nm)]/(hole diameter reduction level in 
positive-working resist pattern with hole diameter of 130 nm(|) and pitch 
size of 780 nm)x100 

[0038] The results of the measurement of the hole diameter reduction level in Table 7 show that the use of the water 
soluble resin composition according to the present invention can significantly reduce the hole diameter of the contact 
hole pattern as compared with the use of the conventional composition (Comparative Example 1). Further, the results 
of the detemnination of the rate of change in hole diameter reduction level show that the change in hole diameter reduction 
level upon a change in a pattern pitch size is comparable to or better than that in the conventional composition. In 
particular, the results of Example 5 show that the hole diameter becomes significantly small and, at the same time, there 
is substantially no variation in hole diameter even upon a change in pattern pitch. 



Claims 

1. A water soluble resin composition for use in a semiconductor manufacturing process, said semiconductor manu- 
facturing process comprising the steps of: forming a covering layer on a resist pattern formed of a radiation-sensitive 
resin composition which can cope with ArF exposure; and heating the covered resist pattem to convert the covering 
layer in its part located near the resist pattem to a modified covering layer and thus to cover the resist pattem with 
the modified covering layer, whereby the effective size of the resist pattern after etching can be reduced, said water 
soluble resin composition comprising a water soluble resin, an acid generating agent capable of generating an acid 
upon heating, a crosslinking agent, and a water-containing solvent. 

2. The water soluble resin composition according to claim 1 , wherein said water soluble resin comprises a copolymer 
of N-vinytpyn-olidone with vinylimidazole. 



10 



EP 1 757 989 A1 



The water soluble resin composition according to claim 1 or 2, wherein said acid generating agent is represented 
by formula 



0 

0 " 1 '+ ^ 



wherein 

RO represents -CnH2n+i.mF„ where n is 1 to 20 and m is 0 to 2n + 1 , 



H3C^^CH3 





CH 




where R' is -(CH2)xCH3, -OH, or -COOH in which x Is 0 to 20; and 

R^ R2 R3 and R^ each independently represent -H, CpHgp+i, or -CpHgpOH where p is 1 to 10. 

The water soluble resin composition according to any one of claims 1 to 3, which further comprises at least one 
surfactant selected from the group consisting of acetylenic alcohols, acetylenic glycols, polyethoxylates of acetylenic 
alcohols, and polyethoxylates of acetylenic glycols. 



The water soluble resin composition according to any one of claims 1 to 4, wherein said water-containing solvent 
consists of water alone, or a mixture of water with a water soluble organic solvent 

The water soluble resin composition according to any one of claims 1 to 5, wherein said crosslinking agent is an 
alkylated urea, oxazoline group-containing polymer, or polyamines. 

The water soluble resin composition according to any one of claims 1 to 6, which comprises, based on 100 parts 
by weight of the water soluble resin composition, 1 to 30 parts by weight of the water soluble resin, 0.01 to 1 0 parts 
by weight of the acid generating agent, and 0 to 20 parts by weight of crosslinking agent. 

A method for pattern fomiation, comprising the steps of: coating the water soluble resin composition according to 
any one of claims 1 to 7 onto a resist pattem fonrted of a radiation-sensitive resin composition capable of coping 
with ArF exposure to fomri a covering layer; heating the covering layer to crosslink the covering layer in Its part with 
a predetenmined thickness located near the resist pattern to f omi a modified covering layer Insoluble in a developing 
solution; and developing the modified covering layer to fomi a pattem in which the surface of the resist pattern has 
been covered with the modified covering layer. 
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9. A pattern covered with a modified covering layer, which is composed of resist pattern fomned of a radiation -sensitive 
resin composition capable of coping with ArF exposure and the modified covering layer fomied on the surface of 
the resist pattern, wherein the modified covering layer is formed by coating the water soluble resin composition 
according to any one of claims 1 to 7 onto the resist pattern to form a covering layer, by heating the covering layer 
5 located near the resist pattern to crosslink in its part with a predetemnined thickness to form the modified covering 

layer insoluble in a developing solution and by developing the modified covering layer to form the pattern. 
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